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Abstract 

Perfluorooctane sulfonate (PFOS) has been under the spotlight in recent decades due to its 

adverse environmental and ecological concerns. Existing treatment methods (such as reverse 

osmosis and nanofiltration) for this recalcitrant surfactant are generally energy intensive. In 

this study, for the first time, a gravity-driven filtration using a highly porous nanofibrous 

membrane was systematically investigated for PFOS removal. The membrane possesses a 

high water permeability of 354.9 LMH/kPa, allowing the membrane to be operated under 

gravity-driven conditions. PFOS removal efficiency ranging from 36-90% was observed 

under a wide range of water chemistry conditions (5-20 ppb PFOS, pH 4-10, and ionic 

strength 1-10 mM). The best removal efficiency was obtained at pH 4 and 10 mM ionic 

strength as a result of the enhanced PFOS-membrane electrostatic attraction and/or weakened 

electrostatic repulsion. The removal efficiency was also higher at lower membrane permeate 

flux due to the increased residence time of PFOS molecules in the internal pores of the 

membrane. Simple methanol rinsing was able to effectively regenerate the membrane, and the 

high PFOS removal efficiency can be maintained over 20 cycles of regeneration. The current 

study may provide important insights of using highly porous membranes for energy-efficient 

PFOS removal and recovery. 
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1.  Introduction 

Perfluorooctane sulfonate (PFOS), a surfactant whose eight-carbon chain is completely 

fluorinated, has caused environmental and ecological concerns globally in recent decades 

[1-4]. It has been widely used for manufacturing various products such as fighting foams, 

coatings and semi-conductors for many decades [5, 6]. In 2002, PFOS was classified as a 

toxic pollutant by Organization for Economic Co-operation and Development [7] owning to 

the increasing evidence of its bioaccumulation [8] and toxicity (e.g., developmental toxicity 

[9], hepatotoxicity, and carcinogenicity [10-12]). This action was quickly followed by a wave 

of directives and regulations to ban or restrict the use of PFOS by many countries and regions 

[13-15]. Nevertheless, PFOS is still detected at noticeable concentrations (ng/L to μg/L) in the 

environment [16-19], and it will likely remain in the environment for a long time due to its 

persistent nature (estimated half-life > 41 years in water [20]).  

 

Since a major pathway for PFOS entering water system is through wastewater discharge [21], 

removal of PFOS during wastewater treatment is of critical importance. However, because of 

its resistance to enzyme attack, PFOS is highly recalcitrant to typical biological wastewater 

treatment processes such as activated sludge treatment and anaerobic digestion [22-24]. 

Various approaches were investigated to treat PFOS-containing wastewater in recent years, 

for instance, sonochemical degradation [25], photochemical degradation [26], electrochemical 

oxidation [27], adsorption [28], ion-exchange [29] and membrane separation [30]. Among 
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them, membrane separation stands out as an effective way for PFOS removal. Generally, high 

retention membranes such as reverse osmosis (RO) and nanofiltration (NF) are used. NF can 

generally achieve > 90% of PFOS rejection [30, 31], while RO presents rejection as high as  

99% [30, 32]. Nevertheless, NF and RO are generally energy intensive since relatively high 

pressure is needed to drive these membrane processes (e.g., a few hundreds kPa for NF and > 

1000 kPa for RO [33]).  

 

In contrast to dense RO and NF membranes, nanofibrous membranes are a type of highly 

porous membranes with large internal porosity and surface area as well as low hydraulic 

resistance [34]. For these reasons, these novel membranes have attracted increasing attention 

for potential environmental applications such as low-energy filtration [35]. Meanwhile, 

compared to other low-energy filters (e.g., polymeric microfiltration membranes or glass fiber 

filters), nanofibrous membranes present much larger internal surface area to capture 

environmental pollutants (e.g., disinfection by-products [36] and heavy metals [37, 38]).  In 

addition, it is also likely to use such large internal surface area to conduct further surface 

modification for enhanced contaminants removal. Thus, nanofibrous membranes can 

potentially offer a low-energy removal option for treating PFOS. A post-treatment step can be 

further designed to regenerate the pollutant-laden membranes and to recover PFOS from 

wastewater. To the best knowledge of the authors, the application of nanofibrous membranes 
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for PFOS-containing water treatment has never been reported in the literature. 

 

The purpose of this study was to investigate PFOS removal by nanofibrous membranes and 

membrane regeneration. A commercial nanofibrous membrane was used to remove PFOS 

under gravity-driven conditions for the first time. The effect of water chemistry (PFOS 

concentration, pH and ionic strength) and other operational conditions on removal efficiency 

was studied systematically. Membrane regeneration and PFOS recovery were achieved by a 

simple methanol elution step. This study may provide a highly energy-efficient alternative 

method for PFOS removal and recovery.    

 

2.  Materials and methods 

2.1 Chemicals. PFOS was purchased from Sigma-Aldrich (St. Louis, MO) in the form of 

potassium salt ( 98%). The physicochemical properties of PFOS was presented in Appendix 

A. Analytical grade sodium chloride (BDH, Dorset, UK), sodium hydroxide (BDH, Dorset, 

UK) and hydrochloride acid (37 wt.%, VWR, Dorset, UK) were used to adjust solution 

chemistry (ionic strength and pH). Optima grade methanol (Fisher Scientific, Pittsburgh, PA) 

was used for PFOS analysis in LC/MS/MS system and for membrane regeneration. Ultrapure 

water was provided by the Milli-Q water system (Millipore, Billerica, MA). 
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2.2 Membrane and characterization. A commercial flat-sheet nanofibrous membrane was 

obtained from Ahlstrom Corp. (Disruptor
®
, Helsinki, Finland). According to the manufacturer, 

the membrane was consisted of inorganic mineral nanofibers coated on glass fibers, which are 

further reinforced by non-woven fabric supports. In the current study, membrane pure water 

permeability was tested using ultrapure water under constant gravitational driving force using 

the setup shown in Figure B1 (Appendix B). Other physiochemical properties (morphology, 

surface area, chemical composition, crystalline structure, and wettability) of the membrane 

were systematically characterized. Before analysis, all the samples were cleaned by rinsing 

and soaked in ultrapure water for at least 24 hours and dried at room temperature in air. 

 

The membrane morphology was imaged by a field-emission scanning electron microscope 

(FE-SEM, Hitachi S-4800, Japan). Before imaging, dried membrane samples were 

sputter-coated with a thin layer of gold by a sputter coater (BAL-TEC SCD 005, 

Liechtenstein). SEM micrographs were scanned at an acceleration voltage of 5 kV. In addition, 

elemental information was obtained by an energy dispersive X-ray detector (EDX, Horiba 

EMAX, Japan) equipped in the FE-SEM.  

 

The crystalline phase information of the membrane was determined by X-ray diffraction 

(XRD) using a D8 Advance Diffractometer (Bruker AXS, Billerica, MA). The XRD was 
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equipped with a Cu X-ray tube operated at 40 kV and 40 mA. Scan was conducted from 10° 

to 80° 2θ-angle with a sampling time of 0.2 s per step. Attenuated total reflectance Fourier 

transform infrared spectroscopy (ATR-FTIR) was performed on a Spectrum 100 FT-IR 

Spectrometer (Perkin Elmer, Waltham, MA). The scan was operated with a wavenumber 

range from 650 to 4000 cm-1. The contact angle of the membrane was tested on a Contact 

Angle Analyzer (Powereach®, China) by the sessile drop method. The reported contact angle 

is the average value of ten replicates. The total membrane surface area (including internal 

pore surface area) was determined by a BET surface area analyzer (Beckman Coulter SA 

3100, Fullerton, CA).  

 

2.3 PFOS removal experiments. PFOS removal was performed in a stirred membrane cell 

(Model 8400, Millipore, Billerica, MA) at room temperature (24 C) under gravity-driven 

conditions. For each filtration experiment, two new disk coupons of the nanofibrous 

membrane (diameter = 7.6 cm) were mounted in the cell. A 350 mL solution containing a 

predetermined concentration of PFOS (5 ~ 20 ppb) was added into the cell, and gentle stirring 

was performed throughout the filtration experiment. Solution pH (pH 4, 7, and 10) and ionic 

strength (1 mM and 10 mM) were carefully controlled by the addition of sodium hydroxide, 

hydrochloric acid, and/or sodium chloride in order to investigate the effect of water chemistry 

on PFOS removal efficiency. The weight of permeate water was measured by a digital balance 
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to determine the water flux. Samples were collected from both the cell and the permeate 

simultaneously at specific time intervals for PFOS analysis.  

 

The total volume of the solution flowing through the membrane is defined as volumetric load 

(L/m2) and calculated by: 

 Volumetric load =
 Permeate volume treated by the membrane

Effective membrane area
              (1) 

The PFOS load (μg/m2) can be similarly defined as the total mass of the contaminant that the 

membrane has been subjected to: 

PFOS load=
 PFOS mass treated by the membrane

Effective membrane area
                  (2) 

The removal efficiency of the membrane can then be calculated by: 

   Efficiency = 1 − 
Total mass of PFOS measured in the permeate

 PFOS load ×Effective membrane area
                 (3) 

 

PFOS static adsorption experiments were conducted in a 600 mL polypropylene (PP) 

container containing two new disk coupons of nanofibrous membrane (diameter = 7.6 cm) 

and 350 mL PFOS solution with different concentration from 5 ppb to 500 ppb (pre-adjusted 

pH of 7.0 and ionic strength of 10 mM NaCl). All containers were shaken with moderate 

speed at room temperature (24 C) for at least 72 h. Then Samples were taken for PFOS 

analysis.  

2.4 Membrane regeneration. In the regeneration experiments, a 250 mL PFOS solution with 
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an initial concentration of 10 ppb, pH of 7.0 and ionic strength of 10 mM was added into the 

cell and the permeate was collected. Subsequently, 10 mL methanol was used to regenerate 

the membrane. After a brief water-rinsing step, the above procedures were repeated for a total 

of 20 cycles in order to investigate the regeneration behavior of the membrane upon repeated 

usage. Samples from the cell (feed), permeate and methanol-eluted solution were taken for 

PFOS analysis. All the experiments were triplicated. 

 

2.5 PFOS quantification. Details about PFOS analytical method can be found in our 

previous work [39]. Briefly, the PFOS samples were diluted with methanol at a 

water/methanol volume ratio of 50%/50%. The methanol diluted samples were filtrated 

through a 0.2 μm Whatman inorganic syringe filter (Maidstone, UK), and the filtrate was 

collected in a 1.5 mL amber vial. Analysis was performed by a UPLC/MS/MS system 

equipped with a 50 × 2.1 mm BEH C18 column with 1.7μm particle size and tandem 

quadrupole mass spectrometers (Waters, Milford, MA). A MS/MS scan was operated in 

electrospray negative ionization mode to analyze PFOS under the specific transition (m/z) of 

499/80. The details of instrumental detection dynamic range was reported in Appendix C. 

 

3.  Results and Discussions 

3.1 Membrane characterization. Visual observation revealed that the membrane has a 
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multi-layered sandwiched structure. The overall thickness is approximately 1 mm. The 

multi-layered structure is confirmed by SEM observation (Figures 1a,b). SEM micrographs 

show a highly porous nanofibrous membrane mat (see Figure 1b) covered by a layer of 

larger-diameter fibers (~ 20 µm in diameter, Figure 1a) on each side. Based on the 

manufacturer’s information, this layer is a non-woven fabric for supporting the nanofibers. 

According to BET analysis, the nanofibrous membrane had a relatively large BET surface 

area of 28.1 ± 0.3 m2/g, which may potentially provide abundant sites for PFOS uptake. 

 

EDX analysis (Figures 1c-f) revealed that the larger-diameter fibers are mainly composed of 

carbon and oxygen, and that the nanofibers mainly contain aluminum, silica and oxygen. The 

EDX results are consistent with manufacturer’s information that the nanofibrous membrane 

was made by growing aluminum oxide on a glass fiber substrate. Further material 

characterization was performed using XRD and ATR-FTIR. XRD results (Figure 2a) indicated 

boehmite [AlO(OH)] and silicon oxide [SiO2] as the main crystalline phases in the membrane. 

These crystalline phases can be assigned to the nanofibrous mat: the membrane with the 

non-woven fabrics peeled away (i.e., the nanofibrous mat) showed clearly identifiable FTIR 

peaks (Figure 2b) corresponding to Al-O stretching (1061 cm-1) [40] and Si-O-Si bending 

(882 cm-1) [41]. In contrast, the intact membrane had major peaks at 1713 cm-1, 1240 cm-1, 

1092 cm-1, and 722 cm-1 (Figure 2b), which can be attributed to poly(ethylene terephthalate) 
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or PET [42], a common material for nonwoven fabrics [43]. The membrane had a relatively 

high contact angle of 115.0 ± 2.3, which may be attributed to the hydrophobic nature of PET. 

Upon peeling away the PET non-woven fabric cover, the remaining membrane can be 

spontaneously wetted by water. 

 

Figure 1. SEM images and EDX elemental analysis of the nanofibrous membrane. SEM micrographs were 

obtained at two different magnifications (a: scale bar = 200 μm; b: scale bar = 20 μm). EDX analysis were 

performed to obtain the elemental mapping of carbon (c), oxygen (d), aluminum (e), and silica (f). Since 

EDX is not able to detect hydrogen, hydrogen is not included in the EDX elemental analysis. 

 



13 
 

The pure water permeability of the membrane was tested under gravity-driven conditions 

(Figure 3). A high water flux of 345.2 L/m2.h (LMH) was obtained with a merely 10-cm water 

head (i.e., a pressure difference of 0.98 kPa). The membrane had a water permeability of 

354.9 LMH/kPa. In comparison, commercial RO and NF membranes have typical water 

permeability values ranging from 0.01-0.08 and 0.08-0.2 LMH/kPa, respectively [44, 45]. The 

high permeability can be attributed to the great internal porosity and the excellent wettability 

of the nanofiber mat, which enables the membrane to be potentially used for low energy (e.g., 

gravity-driven) membrane filtration. 

 

Figure 2. XRD and FTIR results. (a) XRD spectrum of the nanofibrous membrane without non-woven 

fabrics, (b) ATR-FTIR spectra of the nanofibrous membrane with and without non-woven fabrics. 
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Figure 3. Membrane permeate flux as a function of water head (and applied pressure). Ultrapure water 

was used as the feed solution. The tests were performed under constant water head (2.5, 5.0, or 10.0 cm). 

 

3.2 Effects of water chemistry. The effects of various water chemistry conditions (PFOS 

concentration, pH and ionic strength) are presented in Figures 4 and 5. Generally, greater 

amount of PFOS was removed for higher feed concentration under identical volumetric load 

(Figure 4a). Nevertheless, a better way to compare PFOS removal is to normalize the removal 

against the mass of PFOS loaded to a unit membrane area. In Figure 4 (b), PFOS removal is 

plotted as a function of PFOS load for the three different feed concentrations (5, 10, and 20 

ppb). Interestingly, the three removal curves were nearly collapsed into a single one, which 

suggests PFOS load instead of feed concentration as the most important variable determining 

the amount of removal.  
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The plot in Figure 4(b) further allows one to obtain the removal efficiency at different PFOS 

load, where the dashed line with a slope of 1 represents a removal efficiency of 100%. Thus, 

data points falling on this line indicate a complete removal. On the other hand, data points far 

below the line imply poor removal efficiency. From Figure 4(b), the initial PFOS removal was 

nearly 100% at PFOS load of less than 100 g/m2. The removal efficiency decreased 

significantly at higher PFOS load. Since the nanofibrous membrane in the current study does 

not present a dense rejection layer, PFOS removal is mainly by adsorption (in contrast to size 

exclusion for the case of RO [32], adsorption isotherms were given in Appendix D). Thus, the 

greater removal efficiency at lower PFOS load is likely attributed to free availability of 

adsorption sites at the initial filtration stage. As filtration progresses, these sites are gradually 

occupied to cause a reduced removal efficiency. Among the three PFOS concentrations tested 

in the current study (5 – 20 ppb), the adsorption capacity under higher feed concentration 

appears to be consumed much faster at identical volumetric load, implying great volume of 

water can be treated for feed solutions containing relatively low PFOS concentrations [46]. 
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Figure 4. PFOS removal as a function of volumetric load (a) and mass load (b) at different feed water 

concentrations. Experimental conditions: feed volume of 350 mL, pH 7.0, 10 mM NaCl and water flux of 

69 ± 2.3 L m-2 h-1. 

 

Figure 5. Effect of water chemistry on PFOS removal efficiency in 1 mM NaCl (a) and 10 mM NaCl (b). 

Other experimental conditions: feed volume of 350 mL, 10 ppb PFOS and water flux of 69 ± 2.3 L m-2 h-1. 

 

The removal of PFOS by the nanofibrous membrane is significantly affected by both pH and 

ionic strength (Figure 5). Clearly, PFOS removal was enhanced at lower pH and higher ionic 

strength. These effects can be readily explained by the electrostatic interaction between PFOS 

and the membrane. The nanofibrous membrane mainly consists of PET cover, boehmite, and 

silicon oxide (Figure 2), although the PET cover barely contributed to PFOS removal 

(Appendix E). Both boehmite (pHPZC = 8.4) [47] and silicon oxide (pHPZC ~ 2 - 3) [48] 
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become more positively charged (or less negatively charged). The result of membrane zeta 

potential also reveals its positively charged nature under lower pH (Appendix F). Since PFOS 

presents as an anion due to its low pKa (< 0) [7], reducing pH enhances the PFOS-boemite 

electrostatic attraction [47] and weakens the PFOS-silicon oxide electrostatic repulsion [49] to 

promote greater PFOS adsorption. Meanwhile, increasing ionic strength has the effect to 

suppress the electrostatic repulsion between PFOS anions, resulting in increased adsorption 

onto the membrane. The current results are consistent with the existing literature on PFOS 

adsorption by mineral surfaces: Tang et al. [49] reported that both increasing ionic strength 

and reducing pH increased PFOS uptake by goethite (and silicon oxide to a lesser degree) due 

to their effects regulating PFOS-PFOS and PFOS-mineral electrostatic interactions.    

 

3.3 Effects of operational conditions. Water flux is an important parameter in filtration 

process, since it is closely related to membrane productivity as well as energy consumption of 

the process. In the current study, PFOS removal decreased when increasing flux from 38 to 

158 LMH (Figure 6). This observation is in apparent contradiction with the typical trend of 

increased rejections for RO and NF membranes at higher water flux [30]. In the latter case, 

rejection are improved by the dilution mechanism: solutes and water molecules diffuse 

through a dense rejection layer of RO or NF membrane independent of each other, and great 

water flux tends to dilute the contaminant concentration in the permeate water [50]. In 
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contrast, solutes pass through the porous nanofiberous membrane by convection. A greater 

water flux generally means shorter residence time of PFOS molecules in the membranes, 

which explains the decreased adsorption efficiency. 

 

Figure 6. Effect of different water flux on PFOS removal efficiency. Experimental conditions: feed volume 

of 350 mL, 10 ppb PFOS, pH 7.0 and 10 mM NaCl. 

 

An additional two-pass filtration experiment was performed, where the PFOS-containing 

permeate water was filtrated through a second pass membrane (clean membrane coupon) to 

simulate multi-pass filtration conditions that aimed to further improve removal. Under the 

identical water chemistry conditions (10 ppb PFOS in the feed, pH 7, 10 mM NaCl), the 

two-pass filtration achieved a significantly higher removal efficiency of 82.0  7.8 % 

compared to the single-pass efficiency of 63.2  9.4 %. The two-pass arrangement effectively 

prolongs the residence of PFOS molecules in the membranes, leading to the enhanced 



19 
 

removal by adsorption. Alternatively, the removal efficiency of a n-pass filtration n may be 

estimated by a filtration-in-series model: 1 - n = (1 - 1)
n, where stands for the single-pass 

efficiency. The 2 value estimated from the above model is 86.5%, which agrees reasonably 

well with the experimental value. 

 

3.4 Membrane regeneration. Since PFOS removal by the nanofibrous membrane is by 

adsorption, membrane regeneration is critical to ensure its repeated use upon the saturation of 

the membrane adsorption capacity. In the current study, membrane regeneration was achieved 

by a simple methanol rinsing step (Section 2.4). In the literature, methanol has been 

commonly used to prevent PFOS loss from solution due to adsorption and as a solvent for 

PFOS elution during solid phase extraction [51]. Therefore, methanol is expected to be a good 

candidate for PFOS extraction from the exhausted nanofibrous membrane. The recovery ratio 

of PFOS by methanol rinsing was 112.4% ± 11.8%, implying methanol is effective for PFOS 

regeneration. Figure 7 shows that the regenerated nanofibrous membrane was able to maintain 

high removal efficiency (~ 85%) for PFOS even after 20 cycles regeneration. This result 

indicates that the nanofibrous membrane was robust against the regeneration procedures. 

Nevertheless, we observed improved removal efficiency over the first five cycles of 

regeneration. While the exact reason of such behavior is not known, it is suspected that the 

methanol rinsing helps to remove some impurities that may otherwise compete for adsorption 
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sites, which results in reduced removal efficiency. To further understand this effect, we 

compared the PFOS removal of three clean membranes with different pretreatment steps: (1) 

ultrapure water rinsing, (2) 10 ml methanol rinsing followed by ultrapure water rinsing, and (3) 

50 ml methanol rinsing followed by ultrapure water rinsing. Appendix G Figure G1 clearly 

shows that the methanol pretreated membranes showed better PFOS removal, consistent with 

the trend observed in Figure 7.         

 

 

Figure 7. Regeneration behavior of the nanofibrous membrane by methanol rinsing in multiple 

cycles.Filtration experimental conditions: feed volume of 250 mL, 10 ppb PFOS, pH 7.0 and 10 mM NaCl. 

Regeneration experimental conditions: 10 ml methanol rinsing followed by ultrapure water rinsing. 

 

3.5 Implication. Although the nanofibrous membrane was primarily applied for PFOS 

removal, the membrane can in principle be applied for treating other types of contaminants 
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such as heavy metals and trace organic pollutants. Future investigations may further explore 

surface modifications of the nanofibers to further enhance contaminant removal efficiency. 

The membrane’s ability for gravity-driven operation (thus avoiding the need of electricity 

supply) may also allow it to be used for disaster relief in emergency situations as well as 

water treatment in developing countries.    

 

4.  Conclusions  

In the current study, a boehmite-silica based nanofibrous membrane was applied to remove 

PFOS from water solution with different pH (4-10) and ionic strength (1 and 10 mM). Due to 

the highly porous nature of the membrane, relatively high water flux was obtained under 

gravity-driven conditions. Meanwhile, significant PFOS removal was observed, particularly 

under lower pH and higher ionic strength conditions. Under these conditions, the enhanced 

PFOS-membrane electrostatic attraction and/or weakened electrostatic repulsion favors the 

adsorption of PFOS by the membrane. Furthermore, the membrane can be easily regenerated 

with a simple methanol rinsing step and high efficiency was maintained over 20 cycles of 

regeneration. Thus, the boehmite-silica nanofibrous membrane provides a highly 

energy-efficient and viable alternative treatment option for removing the recalcitrant 

perfluorinated surfactant from PFOS-containing wastewater. Compared to conventional RO 

and NF treatment that requires applied pressures on the order of 1000 kPa , the nanofibrous 
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membrane used in the current study can be operated with a pressure as low as 0.98 kPa (i.e., 

10 cm water head). Indeed, the ability for efficient PFOS recovery and membrane 

regeneration may further allow this membrane to be applied for PFOS extraction (e.g., from 

semiconductor wastewater containing high PFOS concentration) to enable its subsequent 

reuse.   
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Appendix A. Physicochemical properties of PFOS 

Table A1. Physicochemical properties of PFOS [52] 

Compound Formula Molecular Weight pKa Log Kow 

PFOS (potassium salt) CF3(CF2)7SO3K 538 < 0 Not measurable 

 

Appendix B. Membrane pure water permeability tests 

Figure B1 shows the filtration setup designed to achieve a constant water head. Overflow 

tubes (diameter of 2.5 mm) were inserted at 2.5, 5.0 and 10.0 cm for controlling water head. A 

peristaltic pump was used for refilling purpose where necessary. Permeate water was collected 

at predetermined time, and the weight of the water was used for membrane water flux 

calculation. All tests were conducted in triplicate, and new membrane was used in each test. 

 

 

Figure B1. Membrane pure water permeability test setup 
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Appendix C. Dynamic range of PFOS detection.  

A serial calibration points (0.5 – 30 ppb) were used to calibrate the concentration of PFOS. 

The dynamic range from the lowest calibration point (i.e. 0.5 ppb) to the highest calibration 

point (i.e. 30 ppb) gave a good fit with linearity over 0.999 (Figure C1). PFOS concentration 

used in this study was covered by this range. Meanwhile, the lowest calibration concentration 

of 0.5 ppb showed a signal-to-noise (S/N) ratio above 10:1, which is considered as a critical 

value of instrumental quantification limit (IQL). 

 

Figure C1. Dynamic range of PFOS detection by UPLC-MS/MS. 

 

Appendix D. Adsorption isotherms 

Figure D1 gives the simulation results of PFOS adsorption on the nanofibrous membrane by 

Langmuir and Freundlich model. Details of two isotherms can be found in published 

literatures [53, 54]. The experimental results fitted both well with Langmuir and Fredunlich 

model (both correlation coefficient R2 > 0.99). The good fitting of Langmuir model suggests 
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that PFOS adsorption on the nanofirous membrane might be a monolayer interaction. The 

good fitting of Freundlich model hints that PFOS-PFOS interaction might be responsible for 

the nonlinear isotherm (n = 1 represents linear isotherm) [28]. The simulated results of qm and 

KF suggests the potential of this nanofibrous membrane for PFOS removal. 

 

Figure D1. PFOS adsorption isotherms onto the nanofibrous membrane. qe is the PFOS amount adsorbed 

on the nanofibrous membrane (μg/m2), Ce is the PFOS concentration in solution (ppb), KL is the Langmuir 

adsorption conatant (L/μg), qm is the maximum sorption capacity (μg/m2), KF is the Freundlich adsorption 

conatant related to sorption capacity [(μg/m2)(μg/L)-n), and n is a conatant of sorption intensity. 

Experimental condition: solution volume of 350 mL, 5-500 ppb PFOS, pH 7.0 and 10 mM NaCl.  

 

Appendix E. Effect of PET cover on PFOS removal 

Figure E1 presents the PFOS removal efficiency by intact nanofibrous membrane and PET 

cover peeled off from the membrane. Clearly, the PET cover had negligible effect on PFOS 

removal efficiency compared to the intact nanofibrous membrane. 
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Figure E1. PFOS removal by intact nanofibrous membrane and PET cover. Experimental condition: 

solution volume of 250 mL, 10 ppb PFOS, pH 7.0 and 10 mM NaCl. 

 

Appendix F. Membrane zeta potential 

 

Figure F1. Zeta potential for the nanofibrous membrane. 
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Appendix G. Effect of the methanol pretreatment on PFOS removal 

efficiency 

Figure G1 illustrated the PFOS removal efficiency of the membranes pretreated with (1) 

ultrapure water rinsing, (2) 10 ml methanol rinsing followed by ultrapure water rinsing, and (3) 

50 ml methanol rinsing followed by ultrapure water rinsing. Apparently, methanol 

pretreatment was effective to enhance the overall PFOS removal efficiency. This 

improvement effect may be attributed to the removal of impurities by methanol rinsing, which 

may cause competition adsorption with PFOS thus reduce the removal efficiency. 
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Figure G1. Effect of methanol pretreatment on PFOS removal efficiency. Experimental conditions: feed 

volume of 250 mL, 10 ppb PFOS, pH 7.0 and 10 mM NaCl. 
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